Rhododendron collettianum (Ericaceae) is widely distributed in Kurram Agency, Pakistan and the adjoining area in Afghanistan from 2000-3000 m. Some species of the genus Rhododendron have been used as medicinal plants. The dried leaves of R. dauricum are used medicinally as an expectorant and treatment of acute-chromic bronchitis.
Both flowers and fruits of R. molle have been recorded in ancient and modern monographs as analgesics in traditional uses. The chemical compound rhodojaponin isolated from R. molle has been shown to have significant blood pressure lowering and heart rate slowing effects.
3) The ethanolic extract of R. arboreum possesses hypotensive effect and respiratory stimulant in cats and dogs. It is also reported to produce contraction of guines pig ileum and have CNS effect. 4) The methanolic extract of the leaves and twigs of R. dauricum was found to display significant anti-HIV activity. 5) Tyrosinase (EC 1.14.18.1) is a multifunctional copper-containing enzyme widely distributed in plants and animals. It catalyses the oxidation of monophenols, o-diphenols and oquinones. Tyrosinase is known to be a key enzyme for melanin biosynthesis in plants and animals. Tyrosinase inhibitors, can therefore be clinically useful for the treatment of some dermatological disorders associated with melanin hyperpigmentation. They also find uses in cosmetics for whitening and depigmentation after sunburn. In addition, tyrosinase is known to be involved in the molting process of insect and adhesion of marine organisms. 6) The medicinal properties assigned to Rhododendron prompted us to investigate Rhododendron collettianum for its chemical constituents and their effects against the enzyme tyrosinase. According to the best of our knowledge, the chemical constituents of this plant have not been investigated so far. Now we report the isolation and structure elucidation of two new compounds 8Ј-epi-cleomiscosin A (1) and 8-O-b-Dglucopyranosyl-6-hydroxy-2-methyl-4H-1-benzopyrane-4-one (2). In addition, three known compounds cleomiscosin A (3), aquillochin (4), and 5,6,7-trimethoxycoumarin (5) are also reported for the first time from this plant.
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Results and Discussion
The concentrated chloroform extract of Rhododendron collettianum was chromatographed over silica gel and subsequent elution with 40% EtOAc-hexane afforded a three compound mixture of coumarinolignoids. The components were separated by preparative TLC over silica gel developed with EtOAc-hexane (40 : 60). Among the three compounds the most polar one was separated and characterized as 8Ј-epicleomiscosin A (1). The compound of medium polarity aquillochin (4), 8) and the least polar one cleomiscosin A (3), 7) were also separated and characterized. The present paper describes the isolation of 8Ј-epi-cleomiscosin A (1) and 8-O-b-D-glucopyranosyl-6-hydroxy-2-methyl-4H-1-benzopyrane-4-one (2). 8Ј-Epi-cleomiscosin A (1) was isolated as an amorphous powder. The molecular formula was determined as C 20 H 18 O 8 , by an [MϩH] ϩ peak at m/z 387 in HR-FAB-MS spectrometry. 8Ј-Epi-cleomiscosin A (1) and cleomiscosin A (3) 7) showed striking resemblance in spectral data indicating a close similarity between the two molecules. Thus the 13 C-NMR spectrum of 8Ј-epi-cleomiscosin A (1) disclosed the presence of seven aliphatic carbons (-CH 2 O-ϫ1, CH 3 -Oϫ2, -CHO-ϫ2, -CHϭCH-Oϫ1), twelve aromatic carbons (CHϫ4, Cϫ2, C-Oϫ6), and one carbonyl carbon like its congener cleomiscosin A (3). 7) This was supported by the presence of two characteristic doublets of the coumarin methine proton H-3 at d 6.38 and H-4 at d 7.71 with the coupling constant of (Jϭ9. H-and 13 C-NMR data of 8Ј-epi-cleomiscosin A (1) are very similar to those of cleomiscosin A (3), 7) which was also isolated by us from the same source. However, one main difference was apparent. The cross peaks between H-7Ј/H-8Ј in the nuclear Overhauser enhancement spectroscopy (NOESY) spectrum, indicated that these protons lie on one face of the molecule. No such cross peak between H-7Ј/H-8Ј was observed in the NOESY spectrum of cleomiscosin A (3). This was further supported by the slightly downfield shift of 1 H-and 13 C-NMR at H-8Ј (d 4.52), C-8Ј (80.5) of (1) 7) The position of the methoxyl group and hydroxyl groups were also confirmed by heteronuclear multiple bond correlation (HMBC) and phenolic group at C-7 could also be inferred through HMBC correlations. The structure of compound 1 was finally assigned by selective heteronuclear decouplings. 7) Accordingly compound 1 was assigned the structure of 8Ј-epi-cleomiscosin A (1).
8-O-b -D-Glucopyranosyl-6-hydroxy-2-methyl-4H-1-benzopyrane-4-one (2) was obtained as a white powder and deduced to have the molecular formula C 16 H 18 O 9 . The mass spectrum exhibited an [M] ϩ peak at m/z 354 and an aglycone peak at m/z 192 formed by the loss of hexose. It was also conformed by its fast atom bombardments (FAB) mass spectrometry showing [MϩH] ϩ ion at m/z 355. The IR absorp- H-NMR spectrum showed signal for the aromatic protons as doublets of protons at meta position, one olefinic proton, one glycosyl anomeric proton and one methyl group on a double bond. After acid hydrolysis of the compound 2, the liberated sugar was found to be glucose by comparison on TLC with an authentic sample. This was further, conformed by 13 C-NMR data (Table 2 ) which agreed well with data published for b-D-glucose. H-NMR pattern it showed that the glucose is meta substituted with respect to hydroxyl group. However the position of the glucose was conformed by ultra violet (UV) absorption and HMBC correlation. There was no change in the UV maxima by the addition of AlCl 3 . It suggested the absence of free OH group at C-5 position. Similarly no change was observed by the addition of NaOAc, which indicated the absence of OH group at C-7 position. 10, 11) So according to these observations and 13 C-NMR data shown in Table 2 , the compound 2 is 8-O-b-D-glucopyranosyl-6-hydroxy-2-methyl-4H-1-benzopyrane-4-one.
Tyrosinase inhibition studies on the compounds isolated from the Rhododendron collettianum was carried out. Compound 1 exhibited highly potent inhibition (IC 50 ϭ1.33 mM) against the enzyme tyrosinase, when it is compared with the standard tyrosinase inhibitors kojic acid (IC 50 ϭ16.67 mM) and L-mimosine (IC 50 ϭ3.68 mM). Interestingly, compound 3 showed moderate inhibition (IC 50 ϭ18.69 mM) against tyrosinase, where both the compounds are structurally very much similar. Only the difference between these two compounds is that the compound 1 contains an a proton at the position 8Ј, where as compound 3 contains a b proton at the same position. Due to the change of stereochemistry of a single proton drastically changes the inhibitory activity of the compounds. This may be due to the stereochemically favourable binding condition at the active site of the enzyme. The inhibition pattern of the compound 4 (IC 50 ϭ15.69 mM) is also similar like the 3. Stereochemically also, these two (3, 4) are similar. But the compound 4 was showing more potency than that of kojic acid (IC 50 ϭ16.67 mM).
Compound 2 exhibited very mild (IC 50 ϭ256.97 mM) inhibition against the enzyme. This may be due to the presence of the glucose moiety, which may be creating barrier to be closer to the enzyme's active site due to its bulky nature. Compound 5 showed potent inhibition (IC 50 ϭ8.65 mM) against the enzyme tyrosinase, when it was compared with the standard tyrosinase inhibitors kojic acid (IC 50 ϭ 16.67 mM), but moderate as compared to the L-mimosine (IC 50 ϭ3.68 mM).
From this study, it can be concluded that courmarines isolated from the plant Rhododendron collettianum, can be effective inhibitors of tyrosinase enzyme and have a potential to be used for the treatment of hyperpigmentation associated with the high production of melanocytes.
Experimental
General Column chromatography (CC): silica gel, 70-230 mesh. Flash chromatography (FC): silica gel 230-400 mesh. TLC: pre-coated silica gel G-25-UV254 plates: detection at 254 nm, and by ceric sulphate reagent. Optical rotation. Jasco-DIP-360 digital polarimeter. UV and IR Spectra: Hitachi-UV-3200 and Jasco-320-A spectrometers, respectively. Extraction and Isolation The whole plant (20 kg) was extracted with MeOH (50 l) for 30 d yielding 1.6 kg extract. The extract was suspended in water (1 l) and extracted with n-hexane (15 l) to yield hexane fraction (700 g) and then extracted with CHCl 3 (10 l) to yield chloroform fraction (140 g) and similarly with EtOAc (10 l) to yield ethyl acetate fraction (300 g). Chloroform fraction was then subjected to column chromatography on silica gel eluting with n-hexane-CHCl 3 , CHCl 3 and CHCl 3 -MeOH in increasing order of polarity to obtain seven small fractions (A-G). The fraction B obtained from column chromatography n-hexane-CHCl 3 (4 : 6) was again subjected to column chromatography with a solvent gradient from (n-hexane-EtOAc) to afforded four fractions (B 1 -B 4 ) . The fraction B 1 obtained from nhexane-EtOAc (9 : 1) was further purified by column chromatography using silica gel with n-hexane-EtOAc (8 : 2) to furnish a compound 5 (7 mg). The second fraction B 2 obtained from n-hexane-EtOAc (6 : 4) was rechromatographed using silica gel with n-hexane-EtOAc (5 : 5) which afforded three compounds. The least polar was 3 6) (16 mg) medium polar (4) 7) (10.5 mg) and the most polar one was 1 (4.5 mg). The fraction E obtained from 100% CHCl 3 was also rechromatographed using silica gel with CHCl 3 -MeOH (9 : 1) afforded compound 2 (13 mg 3.68Ϯ0.02234 a) S.E.M. is the standard error of the mean. b) are the standard inhibitors of the enzyme tyrosinase.
